Our prior work examined national data across 11 different United Network for Organ Sharing (UNOS) geographic regions and found that African American patients were less likely than white patients to appear on the renal transplant waitlist, and the magnitude of the disparity varied by region. 9 To date, racial disparities in transplant waitlist in smaller geographic areas have been less explored. Examining a particular city as a case study allows us to control for potentially confounding broader geographic characteristics. Moreover, large cities have racial and class diversity, while having common cultural, economic, and healthcare resources. We sought to examine racial disparities in renal transplant waitlist focusing only on patients in the city of Chicago, the most populous city in the Midwest. Chicago makes an ideal case study as it has a large and diverse ESRD population, multiple transplant centers, and continued neighborhood segregation by race, income, and class. 15 
| PATIENTS AND METHODS

| Subjects and data
We used data from the United States Renal Data System (USRDS), a comprehensive national data system containing information about individuals with end-stage renal disease (ESRD) in the USA. 
| Variables
| Outcome variable
The main outcome variable was time (in days) from dialysis initiation to appearance on the transplant waitlist, subject to censoring. Patients were censored at time of living donor transplant and if they were not listed on the waitlist by the end of the observation period, 10/1/2010.
In addition, death was treated as a competing risk for waitlist appearance. Of the 2713 patients (83.6%) who were not waitlisted during the observation period, 889 (27.4%) died prior to waitlist appearance, 22
(0.7%) received a living donor transplant prior to waitlist appearance, and 1802 (55.6%) were not waitlisted by the end of the observation period (and did not die or receive a living donor transplant). See Flowchart. 
| Explanatory variables
| Analysis
The primary outcome variable of interest was time to kidney trans- After we built our multivariable Cox models with either race or the race by neighborhood interaction term and the other covariates To test for bias introduced by our missing data, we added interactions between the dummy variables and the variables with missing data (BMI and hemoglobin level).
To examine how much of racial disparities are explained by neighborhood poverty and racial composition, we compared our first model with individual race and no neighborhood-level covariates to a new model with race and our neighborhood variable as separate predictors.
To quantify the proportion of the racial disparity in hazard of kidney transplant waitlist appearance explained by neighborhood poverty and racial composition, we used the simple estimate (HR new − HR original )/
(1 − HR original ).
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As an exploratory measure, we also constructed Cox models 
| RESULTS
Overall, of the 3244 patients in the study population, 531 patients (16.4%) eventually appeared on the deceased donor kidney transplant waitlist during the observation period of the study. Patient characteristics for the entire study population and by waitlist appearance are shown in American patients were more likely to be unemployed (40.2% vs 22.0%) and tended to be younger (median age 55 vs 59), both P < .05.
African American patients were less likely to be male than white patients (54.5% vs 61.7%); however, both races had a greater proportion of male patients than female patients. In terms of clinical characteristics, African American and white patients differed significantly in terms of hemoglobin count (median 9.5 vs 9.9 g/dL), the presence of hypertension (85.8% vs 77.6%) or diabetes (48.1% vs 52.7%), and the inability to ambulate (5.3% vs 9.9%), all P < .05.
In terms of neighborhood characteristics, African American patients were significantly more likely to live in more disadvantaged neighborhoods (Table 2) Our test for bias using interactions between the dummy variables and the variables with missing data (BMI and hemoglobin level) did not change the significance of any of the variables in our model. In addition, when we performed a likelihood ratio test (for nested models), there was not a significant difference between the model with the interactions and the model without the interactions (not shown). 
Our second Cox model (
| DISCUSSION
We found that there are significant racial disparities in the likelihood of reaching the kidney transplant waitlist in Chicago. African American patients in Chicago are significantly less likely than white patients to appear on the renal transplant waitlist (HR 0.73) even after adjusting for other sociodemographic and clinical factors. This is consistent with our prior work, which showed that in UNOS region 7, which contains the state of Illinois, African Americans had a 22% lower hazard of waitlist appearance than whites.
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T Chicago approximately 78% of racial disparities in access to the renal transplant waitlist are associated with neighborhood poverty and racial composition. Our work is consistent with previous work that demonstrates that neighborhood composition, especially neighborhood poverty, is associated with lower access to transplantation. 10, 11, 14 Older age, having a history of cancer, inability to ambulate, and being unemployed are associated with a significantly lower hazard of transplant waitlist appearance. Compared to being uninsured, having private insurance is significantly associated with a greater likelihood of waitlist appearance. These results are consistent with previous literature on kidney transplant waitlist access. 5, 18, 19, [23] [24] [25] [26] During the era we examined, individuals accrued waitlist time only after transplant waitlist candidacy. Thus, delays in reaching transplant waitlist increased pretransplant dialysis time, which is associated with both decreased graft and patient survival. 27 In 2014, UNOS changed the kidney allocation system to allow individuals to receive credit for time they spent on dialysis prior to waitlisting. 28 The results of our study underscore the need for such a policy change. Recent work has
shown that the kidney allocation system has reduced racial disparities to transplant access nationally. 29 To date, the impact of the policy on local-or regional-level disparities has been less well examined.
There are several limitations to our study. The first is limited data on patient socioeconomic status, including income, individual-level poverty, or social support. Thus, we were unable to include these factors in our model, even though it has been suggested that these socioeconomic factors help explain some of the racial disparities associated with kidney transplantation waitlisting. 26 Prior work has demonstrated that community-level factors exert an independent effect on transplant processes even after controlling for patient SES (education and insurance) and clinical factors. 30 In addition, we also did not have data regarding a patient's preferences regarding transplantation, another factor affecting waitlist access. 8 Another potential source of error is the limited data regarding comorbid conditions from the medical evidence form including the absence of information related to disease severity and inadequate sensitivity for certain conditions. 31 Furthermore, these forms were collected at dialysis initiation, so our model could not adequately account for changes in the patient's health status over time. However, we do not believe that change of health over time would introduce a significant bias to our results unless it occurred in a systematic manner. An additional limitation is that there were very few white patients who lived in African American neighborhoods, which caused a large standard error in our second model for white patients. Finally, because our analyses were based only on the city of Chicago, it may be difficult to generalize our results to other cities and regions.
Racial composition and spatial dynamics may vary by city or region.
However, we believe that Chicago serves as an ideal case study to examine neighborhood effects on disparities due to its large ESRD population and its continued neighborhood segregation by race and income. 15, 16 Finally, our work is unable to determine the causes of reduced waitlist access for African Americans in poor neighborhoods and predominantly African American neighborhoods. Prior work has shown that African Americans and poor individuals are less likely to be deemed appropriate candidates for transplant or referred for transplantation even when medically appropriate. 8, 22 This may be due to healthcare providers' unconscious bias about poor, minority patients' desire or suitability for transplant. In addition, African Americans often receive care close to where they live. 32 Dialysis facility providers and staff in poor, minority communities may not be as well informed about transplant or be connected to a transplant center. 33 Residents of poor, minority areas may have lower levels of social capital and weaker social networks, which may lead to a lack of information about transplantation, unreliable transportation to appointments, or fewer caretakers who could assist them in navigating the transplant process. 11, 34 Thus, these individuals may take a longer time to navigate the extensive pretransplant medical and psychosocial evaluation or may be more likely to have relative financial and social contraindications to transplant. 11, 35 Several interventions have been developed to reduce transplant disparities and improve access to transplant for African Americans. Disparity reduction strategies include patient-level strategies such as patient education and patient navigators as well as system-level changes at the dialysis facility or at the policy level. 29, [36] [37] [38] [39] Our study finds racial disparities in access to the renal transplantation waitlist in Chicago and that the extent of these disparities depends on neighborhood-level characteristics. Our finding is important because in Chicago, and likely nationwide, neighborhood poverty impacts African Americans more severely than other groups, and in addition, a higher proportion of African Americans live in highpoverty neighborhoods. 40 However, African Americans in wealthier (nonpoor) African American neighborhoods were still less likely to appear on the transplant waitlist compared to their counterparts in wealthier white neighborhoods. Additional interventions targeted to both race and neighborhood are needed to increase equity of access to renal transplantation. The complete picture of racial disparities in kidney transplantation access likely depends on a combination of patient, provider, neighborhood, and regional factors. Gaining a better understanding of the underlying causes and nature of these observed disparities is a vital step to take in order to develop methods that will help improve equality in kidney transplantation access and overcome barriers to quality health care.
